Objective: Intracranial EEG (iEEG) plays an increasingly important role in neuroscientific 19 research and can provide informative control signal for brain-machine interfaces (BMI). While 20 it is clear that electromyographic (EMG) activity of extracranial origin reaches intracranial 21 recordings, the topographic and spectral characteristics of intracranial EMG have been 22 scarcely investigated. It is currently unclear how these characteristics compare to those of 23 physiological brain activity. Little is also known about the exact pathways of extra-to 24 intracranial volume conduction, including the role of craniotomy defects. 25
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Hz data, and with a window length of 250 ms and a step width of 23.44 ms for the 256-Hz 148 recordings. A baseline period (200 ms) centered between consecutive chewing events was 149 defined to calculate the relative power. For the computation of relative power changes, the 150 time-frequency spectra were divided by the median baseline power averaged across trials 151 and then scaled logarithmically. Fig. 1 gives an overview of the ChRE time-domain and time-152 frequency domain data. 153 recording sites was of particular interest. To relate the position of the temporal muscle to the 172 position of the grid electrodes, the temporal line, the temporal muscle and the coronoid 173 process of the mandible were reconstructed on the lateral x-ray images of the subjects. To 174 this end, we took a vectorized image of the skull from an anatomy textbook (Gray, 1918) as 175 a template. It was rotated and scaled in order to fit the individual anatomy of the subjects as 176 represented by the lateral x-ray images. Then, craniotomy defects and electrode positions 177 were determined and marked on the lateral x-ray image of the skull. 178 188 For comparison of ChRE (in S1-S5) with iEEG signals of neural origin we referred to the 189 following datasets: in S4, S5 and S6, speaking-related activity during non-experimental, real-190 life communication was analyzed (Glanz (Iljina) et al., 2018); S7, S8, and S9 participated in 191 a music perception task where the subjects were presented with six-chord sequences 192 (Sammler et al., 2013 (Sammler et al., , 2009 ); S10, S11 and S12 performed index-finger flexions following 193 
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To determine the spatial distribution of ChRE in iEEG, relative power changes were averaged 220 over trials, and effects were interpolated across the topography of the electrode grid ( Fig. 8) . 221 To quantify the influence of chewing-related effects (i.e., mainly EMG artifacts of extracranial 274 origin, see Discussion) on both iEEG and EEG signals, the ratio of the maximal chewing-275 induced power (MP) increase in iEEG and EEG was determined for all subjects. The power 276 increases were stronger in the EEG that in the iEEG data. They differed on average by a 277 factor of approx. 25 (S1: 28.75; S2: 11.03; S3: 20.12; S4: 16.03; S5:49.70). The MP of ChRE 278 in the iEEG were, on average, larger by a factor of approx. 4 than those related to 279 physiological neuronal activity (Fig. 7d) . 280
To characterize and compare frequency profiles of ChRE with neural iEEG responses, 281 electrodes and frequencies with significant power increases were calculated (Fig. 5 ). Across 282 all subjects 406/410 electrodes (99.0%, Table 2 ) of the iEEG electrodes showed at least one 283 frequency bin with a significant power increase related to ChRE (see Table 2 ). In the 284 frequency range between approximately 150 and 350 Hz, almost all electrodes showed 285 significant power increases related to chewing ( Fig. 5j-n) . At some electrodes, ChREs spread 286 over the entire analyzed frequency range from 32 to 400 Hz (e.g., Fig. 5d , electrode 48 and 287 49 in S1). In contrast, only 92 out of 776 electrodes (11.9%) of the electrodes in the control 288 data showed significant power increases (Table 2) electrodes with significant power increases was considerably higher for the ChREs than for the control 303 data. The frequency pattern, quantified by determining the FMP for each electrode (see Table 2 remarkably constant (Fig. 8b,d) . The MP changes in each subject were observed in the 340 antero-lateral corner of the grid, i.e., in a region which was situated directly underneath the 341 belly of the temporal muscle, regardless of whether a burr hole or a saw line was present in 342 this region (Fig. 8a) or not (Fig. 8c) . Additionally, strip electrodes located in the direct viscinity 343 of the belly of the temporal muscle had MP changes similar to those of the antero-lateral 344 corner of the grids (e.g. Fig. 5d ). 345 346 In all subjects, we found ChRE with a broad frequency distribution (from <25 to above 400 352
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Hz, e.g., Fig. 5d ) affecting a wide range of cortical areas in the frontal, parietal, and temporal 353 lobes, as well as deeper areas like the inter-hemispheric cleft and the hippocampus. 354
Further, we contrasted ChRE with neural activity and showed clear distinctions with regard 355 to their spectral and topographic characteristics. 356
Intracranial ChREs were mainly due to extracranial EMG activity
In the data related to neuronal activity, only a small number of electrodes showed clear task-420 related neural responses (approx. 12 % of all iEEG electrodes, Table 2 ), and the effects were 421 typically confined to small, focalized areas ( Figs. 3 & 4c ). For the speech production task, it 422 was further shown, that the relevant electrodes were located in the areas that elicited orofacial 423 responses during electrical cortical stimulation (Fig. 4b,c) . Moreover, in contrast to the ChRE, 424 the effects related to neuronal acitivity were not concentrated on the border of the electrode 425 grids, as we are demonstrating by correlating the effect with the distance to the border of the 426 grid ( Fig. 7a vs. b) . 427 Hz), matching well the ChRE spectra we observed extracranially in the present data (Fig.  449 1b,c). As extra-to-intracranial volume conduction is largely frequency-independent (Nunez 450 and Srinivasan, 2006), we expected a similar spectral profile in intracranial data. Consistent 451 with this expectation, ChRE in iEEG involved a broad frequency range from <25 Hz to above 452 400 Hz (e.g., Fig. 5d , limited by the anti-aliasing filters and sampling rate of our recordings). 453 Across all electrodes, the frequencies with the maximal iEEG ChRE power increases were 454 observed in a range of approx. 100-350 Hz (Fig. 6 & 7e) . However, in a study which analyzed 455 the masseter and temporalis muscles, as well as five other facial muscles in terms of the 456 spectral properties of their activity, the temporal-muscle EMG spectrum was found to be 457 atypical in comparison with the other muscles in the sense that it had an exceptionally high 458 peak frequency, whereas the peak frequencies of other facial muscles (e.g., buccinator or 459 frontalis) were below 50 Hz (Boxtel et al., 1983) . Thus, artifacts related to facial expressions 460 or speaking, and hence originating predominantly from mimic muscles may be also present 461 in frequency bands other than those characterized in this study. 462
In the event-related datasets, we found a differential spectral pattern. In the whole frequency 463 frequency range nearly all of the electrodes, power modulations related to the control data 467 rarely exceeded frequencies of 250 Hz (only 12 out of 92 electrodes showed significant 468 effects in frequencies above 250 Hz in all nine subjects performing experimental tasks, see 469 Fig. 5c,d for 2 examples) . Further, the FMP was lower for the event-related data than for the 470 ChRE, albeit with an overlap at some electrodes in the range between 52 and 152 Hz. Of 471 note, the highest values for the FMP were obtained from one subject in the speech production 472 condition (Fig. 6 ). We argue that these still reflect neural activity as the response was spatially 473 focal (10 contacts), located at the center of the grid (cf. Table 2 and Fig. 6 ), and largely co-474 localized with the ESM-defined mouth sensorimotor cortex. Still, although we assumed that 475 the effects in the task-related datasets to be predominantly of neural origin, it can not be 476 excluded that a certain amount of EMG artefacts may be present here as well. Taking together 477 the topographic and spectral characteristics, a more finegrained nature of the neuronal 478 activity as compared to the ChRE became apparent. 
